Hydrogen-bonded chains in isostructural 5-methyl-2-(4-methylphenyl)-7,8-dihydro-6H-cyclopenta[g]pyrazolo [1,5-a] Compounds (I)±(III) form isomorphous crystals, and the compounds are isostructural. This fact is consistent with the similar steric requirements of methyl, chloro and bromo substituents, as re¯ected, for example, in the similar unit-cell dimensions of (I)±(III).
Comment
Pyrazolo [1,5-a] pyrimidines are purine analogues which have shown useful properties as antimetabolites, and which have been of pharmaceutical interest because of their antitrypanosomal activity (Novinson et al., 1976) and their antischistosomal activity (Senga et al., 1981) . These interesting biological properties have prompted the search for new and ef®cient procedures of wide generality for the synthesis of pyrazolo [1,5-a] pyrimidine derivatives (Al-Shiekh et al., 2004; Makarov et al., 2005) . We report here the structures of four cyclopenta [g] pyrazolo [1,5-a] Compounds (I)±(III) form isomorphous crystals, and the compounds are isostructural. This fact is consistent with the similar steric requirements of methyl, chloro and bromo substituents, as re¯ected, for example, in the similar unit-cell dimensions of (I)±(III).
The corresponding bond lengths within the heterobicyclic fragments in compounds (I)±(IV) (Figs. 1±4) are very similar (Table 1) , but the patterns of these bond distances show some interesting properties. In each of (I)±(IV), the N1ÐC2 bond, which is formally a double bond, is not signi®cantly shorter than the C3AÐN4 and C8AÐN8B bonds, both of which are formally single bonds; at the same time, the cross-ring bonds C3AÐN8B are by far the longest CÐN bond in any molecule. These observations, together with the clear bond ®xation in the pyrimidine ring, suggest that the ten % electrons of the pyrazolopyrimidine units are not fully delocalized around the periphery, but instead adopt a more characteristic arrangement, reminiscent of that in naphthalene.
In all of these compounds, the ®ve-membered carbocyclic ring has an envelope conformation, with the fold across the line C6Á Á ÁC8; the total puckering amplitude Q (Cremer & Pople, 1975 (14) in (I), 255.0 (10) in (II), 73.3 (8) in (III) and 73.6 (8) in (IV) for the atom sequence C5AÐC6ÐC7ÐC8ÐC8A] is very close to the ideal value of 36n (Evans & Boeyens, 1989) , with n = 7 in (I) and (II), and n = 2 in (III) and (IV). The 4-substituted C21± C26 aryl ring is nearly coplanar with the heterobicyclic ring system in each of (I)±(IV); thus, the dihedral angles between the aryl ring and the mean plane of the pyrazolopyrimidine ring system are 12.0 (2) in (I), 14.5 (2) in (II), 14.2 (2) in (III) and 3.6 (2) in (IV). In compound (IV), methoxy atom C241 is nearly coplanar with the aryl ring and, consistent with this, the exocyclic CÐCÐO angles at atom C24 show the usual deviations from 120 (Table 1) .
Despite the strong similarities between compounds (I)±(IV) in terms both of their overall constitutions and of their intramolecular geometries and conformations, the pattern of supramolecular aggregation in compound (IV) is very different from that in the isostructural trio (I)±(III), both from the point of view of the direction-speci®c interactions present and in terms of their overall supramolecular structures.
In each of compounds (I)±(III), the molecules are linked into chains by a single CÐHÁ Á Á%(arene) hydrogen bond (Table 2) ; atom C6 in the molecule at (x, y, z) acts as a donor, via atom H6A, to the pyrazole ring in the molecule at (x, À1 + y, z), so generating by translation a chain running parallel to the [010] direction (Fig. 5 ). It should be noted that CÐHÁ Á ÁN and, in (II) and (III), CÐHÁ Á Áhalogen hydrogen bonds, as well as aromatic %±% stacking interactions, are all absent from the structures of (I)±(III).
By contrast, in compound (IV), the molecules are linked into chains by a CÐHÁ Á ÁN hydrogen bond (Table 2) , and these chains are themselves linked into sheets by a %±% stacking interaction. Aryl atom C22 in the molecule at (x, y, z) acts as a hydrogen-bond donor to pyrimidine atom N4 in the molecule at (1 À x, À 1 2 + y, 1 2 À z), so forming a C(7) chain running parallel to the [010] direction and generated by the 2 1 screw axis along ( The molecule of (IV), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 3
The molecule of (III), showing the atom-labelling scheme. For clarity, only the major orientation of the disordered CH 2 group is shown. Displacement ellipsoids are drawn at the 30% probability level. 3.504 (2) A Ê ; the ring-centroid separation of the pyrazole and pyrimidine rings, respectively, is 3.577 (2) A Ê , corresponding to a ring-centroid offset of 0.719 (2) A Ê ; the corresponding separation of the pyrimidine centroids is 3.799 (2) A Ê , with a centroid offset of 1.489 (2) A Ê . These two molecules lie in the C(7) chains along ( 1 2 , y, 1 4 ) and ( 1 2 , y, À 1 4 ), respectively, and propagation by the space group of this stacking interaction generates a sheet lying parallel to (100) (Fig. 7) .
It is striking that, although the substituents in the aryl rings, viz. 4-methyl in (I), 4-chloro in (II), 4-bromo in (III) and 4-methoxy in (IV), play no direct role whatever in the supramolecular aggregation, nonetheless the types of directionspeci®c intermolecular interaction apparent in the crystal structures of (I)±(III) are entirely different from those apparent in the structure of (IV). The in¯uence of these remote substituents on the supramolecular structures thus appears to be indirect and rather subtle, but real nonetheless; such subtle in¯uences necessarily hinder the effective prediction of such structures.
Experimental
Equimolar mixtures of the appropriate 5-amino-3-aryl-1H-pyrazole (2.6 mmol) [where aryl is 4-methylphenyl for (I), 4-chlorophenyl for (II), 4-bromophenyl for (III) and 4-methoxyphenyl for (IV)] and 2-acetylcyclopentanone (2.6 mmol) were placed in open Pyrex glass vessels and irradiated in a domestic microwave oven for 1.5±2 min at 600 W. The product mixtures were extracted with ethanol and, after removal of the solvent, the resulting solids were recrystallized from dimethylformamide to give crystals of (I)±(IV) suitable for singlecrystal X-ray diffraction. 
Compound (I)
Crystal data For each of (I)±(IV), the space group P2 1 /c was uniquely assigned from the systematic absences. All H atoms were located from difference maps in fully ordered sites; they were then treated as riding atoms, with CÐH distances of 0.95 (aromatic), 0.98 (methyl) or 0.99 A Ê (CH 2 ), and with U iso (H) values of 1.2U eq (C), or 1.5U eq (C) for the methyl groups. For compounds (I) and (II), although not for (IV), the displacement parameters for atom C7 were somewhat higher than those of neighbouring C atoms, and were consistent with an enhanced vibrational amplitude approximately normal to the C6±C8 plane and tangential to the envelope fold. For compound (III), it was necessary to model this atom and its associated H atoms over two sets of sites, with re®ned occupancies of 0.853 (17) and 0.147 (17). The crystals of compound (III) are very fragile, and attempts to cut small fragments from larger crystals always resulted in shattering.
For all compounds, data collection: COLLECT (Hooft, 1999); cell re®nement: DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduction: DENZO and COLLECT; program(s) used to solve structure: WinGX (Farrugia, 1999) and SIR92 (Altomare et al., 1993) for (I), (II) and (III), and OSCAIL (McArdle, 2003) and SHELXS97 (Sheldrick, 1997) for (IV); program(s) used to re®ne structure: OSCAIL and SHELXL97 (Sheldrick, 1997) Table 2 Hydrogen bonds and short intramolecular contacts (A Ê , ) for compounds (I)±(IV).
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